The second generation (2G) of superconductor wires have been considered for several applications lately. This work presents a preliminary study of superconducting magnetic bearings (SMB) using 2G wires as passive levitators. A superconducting block using stacked 2G wires was built to evaluate the magnetic bearing behavior, thought levitation force measurements, when a permanent magnet cylinder approaches or moves away from the block. The superconducting block was compared with an YBCO bulk with nearly the same dimensions and the results show a promising potential for this application.
Introduction
The YBCO superconductor stands out among the high temperature superconductors (HTS) for being able to withstand magnetic fields of over 5 T when cooled with liquid nitrogen at 77 K [1] , what makes this superconductor very attractive for the magnetic bearings application. The YBCO bulk superconductors are already being used in some real scale prototypes of MagLev vehicles [2] . This work proposes an attempt to replace the YBCO bulks for 2G wires in the superconducting magnetic bearings application. The superconductor properties of the 2G wire are considerable better than in the YBCO bulks, but the superconductor material in the coated conductor represents only a small fraction of the wire volume [3] .
The 2G wires have been considered for the most general applications recently, such as electrical energy transmission cables [4] , fault current limiters [5] , MagLev vehicles [6] , electrical machines [7] , high field magnets [8] , bearings for flywheel [9] , superconducting magnetic energy storage [10] , etc. The main advantage of the 2G wire over the the 1G is the higher background field that it can work [11] .
The main purpose of this study is to verify the feasibility of a superconducting magnetic bearing using permanent magnets and 2G wires acting passively. In this way, more than 500 pieces of 2G wire were stacked in order to form a block physically similar to a bulk superconductor. The levitation force measurements show that this block is able to work as a passive magnetic bearing. The levitation force measurements behavior was compared with the behavior of an YBCO bulk with nearly the same dimensions, showing a promising potential of 2G wires for this application.
Samples preparation and experimental procedures
This section presents the procedures adopted for the construction of the superconducting block and measurements. The superconducting block was built with 3 columns of stacked 2G wire. The coated conductor was cut into 531 pieces of 66 mm each and placed in compartments slightly larger than its size, as can be observed in Fig 1.a. A preliminar test with a small block had its superconducting properties degraded due to handling and storage conditions. To avoid deterioration of the 2G wire properties, the block was potted with an especial epoxy resin, as shown in Fig 1. b. The resin protects the wire against mechanical stress and from humidity. Additional information about the block is provided in Table 1 . Fig 1. c shows the YBCO bulk (67 mm × 36 mm × 13 mm) that was used for comparison. In order to evaluate the feasibility of the block built with coated conductors in the magnetic bearings application an experimental rig was used. It is able to measure the levitation force between the block and a permanent magnet cylinder with 75 mm diameter and 20 mm height, as presented in Fig 2. An automated system controls the relative vertical position between the permanent magnet and the block and also acquires the force over the magnet, which was measured by a load cell. The permanent magnet movement occurs along the vertical direction (z direction) in steps of 1 mm, stopping 1 second during each movement step until a pre-determined final vertical position is reached. An aluminum cylindrical piece with a cavity to carry the permanent magnet was used to fix it to the load cell. The measurements were carried out using either the zero field cooled (ZFC) or the field cooled (FC) processes. The ZFC test consists in cooling the superconductor without the presence of any external field, while the in the FC test the superconductor is cooled in the presence of an external field.
Results and Discussion
This section presents the results of the levitation force measurements. The first one was a ZFC test at the distance of 100 mm between the superconducting block and the magnet. After the block has been cooled, the magnet was moved closer to the block until the gap of 5 mm and then returned to its original position. The measured ZFC force for this superconductors can be seen in Fig 3 and one important result is the hysteresis effect. When the magnet was moving from the initial to the final gap, the measured force followed a different path then when the magnet was returning to its original position. This means that magnetic flux was trapped in the superconducting block, as it was expected [12] . The block built with 2G wire shows a more pronounced hysteresis effect than the bulk superconductor.
The hysteresis effect can also be observed when the block is cooled in the presence of an external field. The FC test shows different results depending of the external field applied while cooling. In practice, the closer the magnet is from the superconductor during the cooling process, smaller will be the levitation force, but there will be more lateral stability. In this work, the FC tests were done by cooling the superconductor at three different distances from the magnet. Firstly, the magnet was positioned at a distance of 30 mm from the block and the levitation force measured can be seen in Fig 4. It is important to note that some magnetic flux was trapped [12] while the magnet was moving along Path 1 and that is the reason why the levitation force returned from a different path to the distance of 100 mm (Path 2). Finally, while approaching the magnet to a gap of 5 mm (Path 3) the levitation force measured was very similar than during Path 1 between The third and last FC test done in this work was for a gap of 10 mm. The hysteresis effect was very strong in this test, as can be seen in Fig 6. It is interesting to note that between the distances of 10 mm and 5 mm, Path 1 and Path 2 are basically the same because at this band the flux pinning was strong enough to avoid a significative change in the trapped flux.
Since the superconducting block built with coated conductors showed more hysteresis effects than the bulk superconductor it was done a force decayment test. This experiment consists in a ZFC test where the magnetic approaches the superconductor from the distance of 100 mm to 5 mm at a constant speed. The levitation force was measured during the movement and after the magnet has reached its final position, as presented in Fig 7. It can be observed that both blocks present the same relaxation behavior on the measured levitation force, but the 2G wire block has reached only about 55% of the force measured with the YBCO bulk. 
Conclusions
The constructed superconducting block achieved satisfactory levitation force results in each experiment. It also presented a similar behavior to that of the YBCO bulks during the experiments. Considering that the volume of superconductor in the built block is about 1.5 % of its total volume, this work shows that coated conductors are very suitable for the magnetic bearings application. However, the 2G wire manufacturers are optimizing their products for other applications, since the YBCO bulks are still a good solution for the superconducting magnetic bearings applications and because, from an economical point of view, the 2G wire is still very expensive. On the other hand, there are good expectations for the 2G wires price decreasing and also good expectations about increasing their critical current density.
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